Two monoclonal antibodies against two distinct conserved epitopes of the respiratory syncytial virus (RSV) nucleocapsid protein were used in a direct time-resolved fluoroimmunoassay (TR-FIA) for the detection of RSV antigens in nasopharyngeal aspirates. The capture antibody was adsorbed to the solid phase of microdilution strip wells, and the indicator antibody was labeled with a europium chelate. Specimens and label were incubated simultaneously for 1 h at 37°C in the coated wells. After the test samples were washed, fluorescence enhancement solution was added, strips were shaken, and the time-resolved fluorescence was measured. The test procedure took only 75 min, and the total time for 20 specimens, with pretreatment by sonication, was 2 to 3 h. We prospectively evaluated the detection of RSV in nasopharyngeal aspirates of pediatric patients by TR-FIA and by virus isolation in human diploid fibroblasts. TR-FIA detected 40 of 42 isolation-positive specimens. Nine additional isolation-negative specimens were positive by TR-FIA; all proved to be true positives by a blocking-type confirmatory assay. The sensitivity, specificity, positive predictive value, and negative predictive value for TR-FIA were 95, 96, 82, and 99%, respectively, of the values obtained by virus isolation and 96, 100, 100, and 99%, respectively, of the values obtained by virus isolation and the confirmatory assay.
Respiratory syncytial virus (RSV) is one of the most important pathogens causing lower respiratory tract infections in infants and young children (5) . Rapid diagnosis of the infection can help physicians avoid unnecessary antibiotic treatment and, in patients with severe underlying disease, facilitate the decision regarding antiviral treatment with ribavirin (6, 14) . Since standard virus isolation procedures are too slow, detection of RSV-infected epithelial cells in nasal secretions by immunofluorescence microscopy was introduced (4) . A result can be obtained within a few hours with either indirect or direct immunofluorescence staining of infected cells, but the method is laborious and demands special transportation and treatment of specimens. The limitations of immunofluorescence microscopy have focused interest on enzyme immunoassay and related techniques (2, 11, 20) that require less demanding handling of specimens and provide automated recording of results. These tests, however, require prolonged incubations, often overnight, to reach the desired sensitivity.
Time-resolved fluorometry of lanthanide chelates (8, 22) has recently shown great potential in the development of very sensitive immunoassays for detection of viral antigens in clinical specimens (7, 10, 21, 23) . We describe a rapid and sensitive time-resolved fluoroimmunoassay (TR-FIA), based on monoclonal antibodies (MAbs), for detection of RSV antigens in nasopharyngeal specimens (NPS) and compare this assay with the virus isolation technique.
MATERIALS AND METHODS Design of the study. Since the beginning of January 1987 all specimens sent to our diagnostic unit for detection of respi-* Corresponding author. ratory virus antigen have been routinely tested with the RSV TR-FIA described here and with similar TR-FIAs for influenza A and B viruses (23) NPS were collected by aspiration with a disposable mucus extractor. Each specimen for virus isolation was taken by dipping a cotton stick into the extracted mucus and placing the stick in a vial containing 2 ml of transport medium (0.5% bovine serum albumin, 5% tryptose phosphate broth, and antibiotics in phosphate-buffered saline). The isolation specimens of group 1 were taken immediately after collection and frozen in dry ice for transport to the laboratory, where they were stored at -70°C. Specimens for antigen detection were transported to the laboratory in the mucus extractor at ambient temperature. The isolation specimens of group 2 were taken only after the NPS arrived at the laboratory, if received on the day of collection, and stored refrigerated in the transport medium until inoculated the same or the following work day.
Virus isolation. Human diploid fibroblasts, prepared in this 2582 WARIS ET AL.
laboratory from foreskins, were maintained in Dulbecco modified Eagle medium supplemented with 2% inactivated fetal calf serum, 0.05% glutamine, and antibiotics. Group 1 isolation specimens were thawed, and 200 ,ul of specimen was inoculated into each of two human diploid fibroblast culture tubes containing 1 ml of maintenance medium. The tubes were incubated in a roller drum in a C02 incubator at 33°C, and the medium was changed the following day and thereafter twice a week. Isolation for the specimens of group 2 was done in human diploid fibroblasts grown on a cover slip in a shell vial containing 1 ml of medium. The cultures were inoculated with 100 ,ul of specimen and centrifuged at 4,000 x g for 1 h; the medium was then replaced. The tubes were incubated in a CO2 incubator at 36°C, and the medium was changed twice a week. Cultures from both groups were kept for 3 to 4 weeks and microscopically examined for development of typical syncytium formation three times a week. Cultures of group 1 showing no cytopathic effect at the end of the incubation period, as well as all positive cultures, were tested for antigen detection by TR-FIA. MAbs. Hybridomas producing MAbs (RSV4 and NC4) directed against different antigenic sites of the RSV nucleoprotein were developed as described elsewhere (17) . Ascites fluid was generated by injecting hybridoma cells intraperitoneally in pristane-primed BALB/c mice. Immunoglobulin G (IgG) was purified from ascites fluid by anion-exchange chromatography on a Mono Q HR10/10 column (Pharmacia, Uppsala, Sweden). To avoid frequent regeneration of the Mono Q column, ascites fluid was pretreated as follows. To 2 ml of clarified ascites fluid, solid NaCl was added to a final concentration of 0.4 M. Ascites fluid was then passed through a 1-ml bed of Q-Sepharose FF (Pharmacia) in 20 mM thriethanolamine hydrochloride-0.35 M NaCI, pH 7.7, packed into a disposable polystyrene column (QS-Y; Isolab, Inc., Akron, Ohio). The applied volume was quantitatively collected by brief low-speed centrifugation of the column in a test tube. Ascites fluid was then desalted to 20 mM thriethanolamine hydrochloride, pH 7.7, with a PD-10 column of prepacked Sephadex G-25 medium (Pharmacia). Finally, the sample was injected through Millex-AA (0.8-,um pore size) and Millex-GV (0.2-,um pore size) filters (Millipore, S.A., Molsheim, France) immediately before being loaded onto the Mono Q column equilibrated with 20 mM triethanolamine hydrochloride, pH 7.7. Proteins were eluted with a 160-ml linear gradient of 0 to 100% 20 mM triethanolamine hydrochloride-0.35 NaCl, pH 7.7, at a flow rate of 2 ml/min and monitored at 280 nm. IgG was eluted at ca. 0.15 M NaCI. The concentration of IgG was determined spectrophotometrically by using an extinction coefficient at 280 nm of 1.4 ml/mg per cm.
Labeling of antibodies. Purified IgG was coupled with
enetriamine tetraacetate (Wallac Oy, Turku, Finland) as described elsewhere (8) (17) ; and second, the fact that the immunoreaction can take place partially in the liquid phase, since the label is added immediately after the specimen (21 The sensitivity of RSV antigen detection by enzyme immunoassay has recently been reported to be about 90% of that obtained by virus isolation (12, 13, 19 (18) . Thus, the positive reactivity with strains of both subgroups ensures that the MAbs used in our RSV TR-FIA are against conserved epitopes of RSV nucleoprotein, and the sensitivity and specificity of the assay should therefore not be influenced by epidemiological strain variations. As a minor problem associated with the target protein of our assay, we have found that the reactivity of the RSV nucleoprotein decreases during storage in our specimen library at -20°C. This fact can affect the result of a confirmatory assay made afterwards but is partially circumvented if a stored NPS is resonicated after thawing. Some simple chemical treatment of specimens without sonication but with stabilization of the nucleoprotein would improve the assay. The TR-FIA described here is a sensitive and specific test for detection of RSV antigens in clinical specimens. The short incubation time of only 60 min allows at least 20 specimens to be tested (including pretreatment) in 2 to 3 h and reported on the day they arrive at the laboratory. The simple assay procedure and short incubation time are well suited to the routine of a virological laboratory, particularly if the same specimens are simultaneously tested for the presence of other viral antigens by similar assays.
